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PREFACE
This study was initiated as a result of a need that
became apparent in two industrial arts seminars at Central
Washington State College.

Studies reveal that industrial

arts teachers use principles, laws, and applications of
mathematics and science daily, but these are seldom recogniz.ed and made meaningful to the students.
As

a result of this study industrial arts teachers

may see a way to use this material to initiate similar
situations in their teaching.
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CHAPTER I
We are constantly being asked to re-evaluate the
place of industrial arts in our school systems in relation
to the needs of our youth based on an industrial, technological society.

In the journals and periodicals of industrial

arts we find more and more articles being written about
the use of the scientific method, problem solving, experimentation, study of industrial technology, correlation with
academic subjects and just about any other "band wagon" that
passed by.

These words can mean many things to many people.

depending on how they are interpreted.

Terms such as:

project, experimentation, technology, etc., can have greatly varying degrees of meaning to the many non-directed industrial arts teachers.

According to a study on the amount

of ffeedom granted industrial arts teachers by their administrators, it was found that of 504 Washington State teachers questioned, 479 or 95 per cent stated that they were
free to teach as they wished--to experiment, and to try new
ideas. (10:1-3)

If even a small percentage of these 504

teachers are reading periodicals such as Industrial Arts
~

Vocational Education, Journal of Industrial Arts

Education, and others relative to their chosen field, then
surely the afore-mentioned articles will have some bearing
on their thinking when they are planning new curricula:
or re-evaluating existing programs.
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Glenn J. Muhle and Mrs. Jean R. Walker, two high
school administrators writing in the May-June,

1964 issue

of the Journal of Industrial Arts Education, state that:
Industrial arts is the bridge which can and should
close the gap between the 'unreal or theoretical'
academic subjects and the reality of our industrial
technological world. The authors believe that it is
time for industrial arts educators to integrate their
program with the academic studies • . • Industry is
attracting the best minds of the country. The sooner
industrial arts fuses its program.with the academic
curriculum, the more quickly the total program of high
school students will be fulfilled.
The well-rounded
student, indeed, will be able to link.his learning
with real life experiences and, perhaps, through his
industrial arts program discover his place in the
world of industry, management or research. (9:15-16)
Industrial arts in the classroom situation and in
the public eye, is still manual training, project making,
and while industrial arts continues to be mainly concerned
with methodology and justifying philosophies, our nation is
looking to other areas to do what we seemingly cannot do,
or will not do.

In this age of electronic computers and

space exploration there is a great need for a school subject to develop understandings of technology.

Webster's

Third New International Dictionary definition of technology
is stated:
1: the terminology of a particular subject; technical languages 2a: the science of the application of
knowledge to practical pprposes; ap 1Jlied science
b (1) the application of scientific knowled~e to
practical purposes in a particular field (2) a technical method of achieving a practical purpose <a"'\.
for extracting petroleum from shale). 3: the totality
of the means employed by a people to provide itself
with the object of material culture.
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Webster's New World Dictionary-College Editiondefinition of technology is stated:
1: the science or study of the practical or industrial arts.
2: the terms used in science, art, etc.,
technical terminology.
3: applied science.
While industrial arts is still plodding away making
broom holders others are taking over what we are failing to
do.

Science programs deal mainly with the theoretical as-

pects while we in industrial arts can make for more meaningful experiences by giving the student the opportunity to
do practical applications as well as relating to the theory.
Education of our youth has long dealt with the humanistic problems of adjusting to our social environment.

At

the beginning of this century, science found its place in
our school systems and helped youth adjust to his physical
environment.

With scientific advancements, and because of

it, came industrial development,

Our industry has come to

occupy an ever-increasing place of importance in the social,
economic, and political aspects of life today.

To assist

the youth of our nation adjust to the industrial element
of the ''space age" it is necessary to provide a liberalizing industrial element to go along with the humanistic and
scientific elements already in the school program. (3:25-8)
Ivan Hostettler, writing in an industrial arts
journal, says:
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A program of industrial arts designed to meet the
need of today and tomorrow must be in tune with the
pattern of an ever-changing technology. My thoughts
are based on three assumptions: (1) We are living in
a changing world where constant sweeping changes are
brought through science and technology; (2) basic
changes are taking place in many areas of education;
(3) similar changes must take place in industrial arts
if it is to maintain and achieve its unique functions
in the public schools. Its very survival may depend
on this • • • • today's culture dominated by science
and technology and may be characterized by such terms
as mass production, automation, jet power, rockets,
spacecraft, astronauts, and nuclear power. Technology
is knowledge is action. If industrial arts reflects
technology, as we say it does, it must rid itself of
some of the handicraft elements carried over from an
earlier culture. (4:13-14)
Robert S. Swanson speaking befo~e the Iowa State Education Association had this to say:
Let us consider for a moment what a chemistry laboratory would be like if it were taught as we teach industrial arts.
Operations would be defined: how to light a Bunsen
burner, how to pour liquid from a beaker, how to test
a solution with litmus paper. Informational topics
would be listed: gases for Bunsen burners, &aterials
from which beakers are made, the composition of litmus
paper. A project would be developed: A pint of ammonia water. The instructor would demonstrate how to
perform the operations and give lectures on the related
topics. He would point out that ammonia is useful for
washing windows because the boy's mother would want to
keep it as a memento of her son's laboratory work.
Students would ask to come in during extra periods to
make more pints of ammonia water, and next year they
would sign up for advanced chemistry and make gallon
bottles of ammotna water. ~4:1-7)
The above is meant to point up the weakness of industrial arts today at both the high school and college levels.
Industrial arts in our schools gets so bogged down making
cooky cutters, broom holders, and "bottles of ammonia wate,r"
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that the more basic aims or objectives are forgotten or
projects do not allow time for them.
Ivan Hostetler believes that industrial arts in our
public schools has three basic functions and that it can
carry out these functions better than any other subject
area in the school.
1.

To give the student insight and understanding of
industry and its place in our culture.

2.

To help each student discover and develop his
talents in the technical fields and applied
sciences.

3.

To develop technical problem-solving skills related to materials and processes.

To further emphasize the importance of fulfilling
these three basic objectives he proposes that all our efforts
be directed to building programs based on themJ that we continue to emphasize techniques, processes, and skills as a
means of meeting these goals, and that we improve some old
methods, add new ones, and develop new approaches.
Some of these so-called new approaches are not really
new, but they should be given new emphasis.

Problem solv-

ing, experimentation and research, line production, group
projects, independent study, team teaching are "methods" we
are familiar with; they are seldom used in industrial arts,
however.

(4:14, 31-32)

Relating to the matter of experimentation and "depth
of study'' it is possible for the student to have very
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meaningful experiences without the necessity of elaborately
equipped laboratories.

In fact, impressive electronic com-

puters that could do all the work for the student would
detract from certain aspects of a problem solving program.
Jet engines in the laboratory would not be a requirement for
a basic course in power mechanics.

Certainly this equipment

makes for a very impressive laboratory, but many of the
questions and problems that confront industrial arts students can be solved by much simpler equipment.

There is also

the need for the human element in industrial arts.

Perhaps

the machine is playing too important a role in the education
of industrial arts students.
Burl N. Osburn, while speculating on some aspects of
the human element in industrial arts, has this to say:
Work is changing, but we, as teachers still try to
teach that work is interesting, that it is educativ_e,
that it produces something good, and that it can be enjoyable. Yet this is not consistent with the growing
'nature of industrial production. We need to understand
technology and machine culture because we live in it,
but to understand is not necessarily to approve, or to
love, accept, or pattern ourselves after it. In fact,
it may become necessary to live in spite of it, as is
already true of the impact of the automobile and many
kinds of employment. The nature of technology: its
tremendous force, its rapid growth, its persuasive
powers, its impersonality, its disruptive economic effects, force man to use all the strength of good traits
he possesses just to remain human . • • • I repeat we
should teach for understanding, but that we need not
copy. To be sure, to understand requires that we keep
abreast of and use modern materials and processes.
These new materials hold great promise for study, experimentation, creativity (sic inventiveness) and interesting
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craftsmanship. This gives us tpe prospect that work,
or that portion of production remaining outside the
province of the automatic machine, may become educative,
giving back to man the satisfactions once felt by
craftsmen of old. Automation may make that possible.
(11: 5-6)
Evald Turner, a former president of the National Education Association, teacher and counselor, writes that the
industrial arts teacher has the rather unusual advantage of
offering constructive guidance to students by helping them
know and achieve success in their educational experience.
Relating this to the John Dewey Laboratory School and its
four impulses of the child, we can see some relationship to
this and an industrial arts program.

They are:

(1) the

expressive and artistic impulse, (2) the constructive impulse, (3) the investigation and experimentation impulse, (4)
the social impulse.

This is not carried out in most indus-

trial arts programs.
In the industrial arts class the student should have
the opportunity to experiment, to work in a group, to work
independently, and in some cases learn to deal with failure.
Student experiments that fail can justifiably be a profitable
experience after it has been fully evaluated.
The industrial arts teacher can be of significant
help to the school counselor when dealing with the potential
dropout when he can provide the student with opportunities
to know success, to relate his educational experience to his
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personal needs, and to show the student how necessary mathematics, science, and other fields of the curriculum are to
the world of work.

(15:18-19)

CHAPTER II
THEORETICAL OVERVIEW TO SHOW A PRACTICAL
APPLICATION USING FLUID POWER

An examination of some of the literature will be
undertaken in this chapter.

Practical examples will be

presented to show the relationship of the fore-going material based on a theoretical overview.
A study initiated to challenge students would
involve all or a part of the material available in a course
of fluid power.

The extent of involvement is dependent upon

the nature of the course that has been developed for any one
particular unit of study.
Fluid power is defined as:

The technology of the

transfer, control, and storage of power by means of pressurized fluid.

(15:8)

Although the principle of fluid power can be traced
·back to Pascal and the piston

it is only in the past few

decades that the makers of fluid power equipment have become
truly an industry.

It was the great era of engineering

development between the two World Wars which begot the bulging demand for pumps, cylinders, valves, and motors of fluid
power systems.

A technology expanding and growing as is

fluid power has a serious need for young people trained and
educated to design, manufacture, operate, and maintain fluid
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power systems.

For persons so trained, fluid power offers

them the opportunity to work on the frontiers of an exciting
new technological field.

With proper abilities and training

there is a future for youth interested in this type of work.

( 5 : 8)
The fluid power unit considered as a unit of instruction for this paper is to be leveled at the junior high
school.

The feasibility of fluid power at this level will

be investigated briefly here.

In a survey conducted by Dr.

Charles G. Risher, Western Michigan University, Kalamazoo,
Michigan, claims that educators unanimously favor the introduction of fluid power instruction at the junior high school
level.

So did a majority of industrialists, but a signifi-

cant numger did not favor it at this level.
The educators are of the opinion that it is necessary
to initiate this instruction on the most general, elementary, and exploratory basis.

The following is course content

suggested by the educators:
Basic definitions: What are pumps, valves, cylinders? How do they work? How are they related to
everyday living? Don't worry about cicuitry and symbols
at this level.
Introduce basic principles and applications.
etc.

Ex~lain terms: fluid power, hydraulics, pneumatics,
(hydraulic jack can be used to demonstrate)

Basic circuits and low-pressure laboratory experiments.
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Basic consumer information, such as laws, levers,
mechanical advantages, and fluid powers role in industry.
Demonstrate how fluid power performs useful work.
Illustrate basic laws and principles with fluid power.
Teach students the meaning of fluid power, history
and development, certain fundamental laww, principles,
applications.
Laboratory practice dealing with fluid power and
safety.
The article concluded with a statement from the educators to the effect that teachers of industrial arts .
must have fluid power included in their instructional program.

(13:38-43)
The growth of fluid power technology and its many

applications to industry the last few years has presented
an area of power transmission that hasn't received much attention in industrial arts.
The history of fluid power goes back to the discovery
of Pascal's Law in 1650 which stated that pressure is transmitted equally in all directions in a fluid at rest.
Bernoulli's theorem concerning the conservation of energy in
a flowing fluid discovered in 1750 was the next contribution
to fluid power technology.

This saw full utilization of the

principles involved in England between 1850 and 1900 in
various types of presses and motors.

It was so widely used

to power cranes, winches, and extruding machines during this
period that utility companies found it profitable to build
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industrial hydraulic distribution systems similar to electrical trans-lines today.

Large steam driven pumps pro-

vided hydraulic pressure that in turn pumped liquid pressure
to factories where it was used to drive machinery.

Refine-

ments in electrical systems, however, soon made this method
obsolete, but the fluid power ramifications have c.arried
over to many essential applications to industry.

Fluid

power, for instance, is said to be the heart and muscles of
automation.
The above has been mentioned to show just a small
area of fluid power that could be investigated in an attempt
to correlate industrial arts with other subject matter, in
this case physics would certainly be the main topic of discussion.

Simple test equipment could be devised to study

the principles involved.

Other areas of study could be

based on the advantage of fluid power some of which are:
(1) Compactness--a fluid power motor for example is
about one-tenth to one-twentieth the size and weight of
an electric motor of the horsepower. This is an important advantage in power-transmission systems used on
machine tools, vehicles, airplanes, and in the control
of missles.
{2) There are fewer moving parts, and simplicity of design.
(3) Accuracy of control, ease and
accuracy with which changes in speed, position and
force can be accomplished.
(4) Safety--there is less
danger of high voltages; fewer moving parts, such as
~ears, chains or belts in more conventional systems.
(5) Economy--this results from simplicity and compactness of fluid power systems.
On a high school level fluid power courses are
usually developed and offered through industrial arts
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departments and may carry science credit as well.

In some

schools fluid power has been included in a power mechanics
course.

(12:20-22)
A short unit could be developed in mechanical draw-

ing courses.

The castings used in pumps and cylinders would

constitute good drawing problems for a class and would also
be a good take-off point for an experimentative examination
of fluid power.
We in industrial arts are always desirous of getting
students to think and to solve problems.
A device one used to solve this problem is worth
mentioning here.

Thought-provoking projects, drawings and

material from both fundamental and practical training which
might need emphasis is displayed in the lobby of the school.
At first this material was displayed on bulletin boards but
that didn't prove as effective as was desired.

The solution

was a portable overhead projector positioned in the lobby
cloakroom and projecting on the lobby wall.

Problems that

will cause the students to think about their fundamental and
practical training are put on transparencies and placed on
the projector.

These problems vary from beginning to advanced.

Still other problems cause some advanced students to do some
deep thinking.

I.Iaterial is changed on the projector every

other day to allow time for all classes to see and use the
material.
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The program has been in operation for over a year,
and it has proven quite successful.

(8:28)

In a project conducted under the National Defense
Educational Act of 1958, a study was made in 1962, California
State Department of Education, of the Application of Scientific Principles of Industrial Arts Education, grades seven
through twelve.

The purpose of this study was to determine

the scientific content of industrial arts courses; and the
best way of increasing the practical application of scientific principles in each area of industrial arts.

The

resource material contained in this study can be a valuable
asset for the industrial arts teacher interested in correlating industrial arts and science applications.
The source of material that can be used to develop
industrial arts courses that can be more n::eaningful to students is readily available in almost any journal or periodical
related to the field of industrial arts.

Just because the

article does not spell out a step-by-step procedure is no
indication that the implications aren't there for application by the teacher interested in providing the best possible
learning situation for his students.
It seems fitting and applicable to this paper to
quote from an article in Industrial Arts and Vocational
Education, February, 1964, written by Arthur J. Dudley,
Supervisor, Industrial Arts Education, New York, N. Y.
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Change in attitudes; review of goals; use of new
techniques; identification of the best of past experience and a search for new horizons are imperative if
industrial arts education is to prosper. (2:59)
Although industrial arts teachers have the necessary material at hand for comprehensive programs they need
to stress science, mathematics, and other applications more
strenuously.

CHAPTER III
UNIT OF INSTRUCTION BASED ON FLUID POWER
As this chapter will be devoted to the developing of
a short unit of instruction based on the correlating of academic subject areas with industrial arts, it may be advisable
to consider an editorial in Industrial Arts Previews and

--

--

Reviews, Northern Illinois University, College of Fine and
Applied Arts.
Usually academic freedom permits the teacher to
choose what and how he wishes to present subject matter as
long as he does not infringe on accepted authority in a
field not his own.

He assumes, however, that the material

he has chosen meets the needs of his students and that it
has validity in the way of course content.
In this day of modern technology when so much learning needs to take place and the time to learn it is so short
it is sometimes necessary to eliminate items of course content that do not really increase students' social, vocational,
avocational, civic, moral, and/or personal capabilities.

It

is not longer feasible, if it ever was, to assume that
certain learnings have validity which they may not, in fact,
possess.
Another hinderance to progress is the belief that
everything that is known to man represents material for
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course content when there are many knowledgesand skills which
should not be taught in formal education programs.

These

can be more easily learned through experience, or they are
really not readily needed by most people.
Regardless of the profession or job a student may
eventually enter, he receives the same English, foreign
language, mathematics, science, social science, humanities,
and certain other subjects.

Apparently it is assumed that

the boy who will eventually become the manager of a grocery
store should receive the same advanced education as the boy
who will be a future mechanical engineer.

The result of

this type of teaching helps to swell the ranks of the high
school dropouts because they simply do not find use for much
of what they study.
Teachers of industrial arts feel more and more pressure to demonstrate the need of what they teach which is as
it should be.

Although industrial arts is mainly a field of

application and has certain "built in" tendencies it is
still very important that each learning experience in a
course of study be justifiable in light of the needs of the
students.

Therefore, it is essential that industrial arts

teachers design courses that are valid and then evaluate the
worth of items in the course of study based on the assumption that they are indeed valid.
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lVluch is being said about the shortcomings of industrial arts programs.

A few people believe that we are not

active enough in "interpreting industry, pursuing technology,
and shooting off into outer space."

But industrial arts has

never been conceived as a bookish discipline.

Its stock-in-

trade has been an emphasis on the student enjoying a firsthand experience in the use of tools, materials, and
processes.
The school's duty to instruct boys and girls in
the safe, imaginative use of tools and materials seems
crystal clear. The sight of an industrial arts teacher
getting on his horse and riding off in all directions
in search of an academized, 'respectable' program
provides an interesting and even humerous spectacle,
but it is hardly the way to excellence in industrial
arts. ( 7 : 2- 3)
The unit of instruction in this writing may appear
to be exactly as the comments of the last paragraph suggest.
In view of the fact that many of the students (some classes
run as high as 35 per cent to 50 per cent) are farm boys
who are, or should be, involved in the use of fluid power in
much of the equipment used on the farm, and another 35 per
cent to 50 per cent of the students in these classes will
probably be involved in some type of industry or technological enterprise where almost certainly some type of fluid
power will be in use.

The remainder of the class may never

hear of fluid power as such again because their line of work
may be entirely foreign to its application, but even they
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will be involved with it in the wonderful mechanism which
makes up the brake system on the automobile they drive to
work each day.

True, not all boys now living on farms will

be farmers and their need for knowledge along these lines
may a'imm.ish rapidly once they are away from the ties of home,
but we as industrial arts teachers have to start our programs with these students where we find them.

We speak of

needs and we design courses of study around these needs.

We

can only hope that we are supplying those immediate needs as
well as those which will be of long duration.

It must be

remembered also that this course of study does not intend to
make fluid power engineers or technicians of these students.
It is merely an investigation of one area of industry which
makes up our highly technical industrial society and should
meet the objectives as stated in the course of study.
Unit of Instruction:

Fluid Power in a Mechanical Drawing

Course at Morgan Junior High School.

Eighth Grade Mechani-

cal Drawing.
This is a basic required course in Morgan Junior
High School, Ellensburg, Washington, and it is for one
semester.

At the ti~e this unit will be initiated in the

program students will have completed multi view drawings and
isometric drawings.
ing problems.

The next unit of instruction is section-

Because the castings that are used profusely
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in fluid power operations adapt themselves quite readily to
sectioning problems this unit will make good use of the problems that even a simple cylinder can present as a drawing
problem.
It is hoped that by investigating fluid power, its
history and applications since its conception and the uses
it is put to in modern industry that good interest can be
developed in this area.

One area of depth (as needed) study

to be investigated will be automotive brake systems such as:
spot brakes, disc brakes, etc.

This will have appeal to

many of the students as much interest can be aroused through
talks and investigation of stock cars, dragsters, etc.
Ellensburg is largely a farm community so many of the students will be interested in how fluid power is used on farm
equipment such as lifts, fluid power operated plows, and
other applications as may interest the student.
The unit of instruction here will be lecture and
laboratory work in which students investigate areas of
interest with the student selecting some piece of casting
from fluid power equipment.
able in the room.

These castings will be avail-

Extra credit work on the unit would in-

volve the student in preparing a short talk or a paper after
he has investigated his particular part of the mechanism.
In a unit of this type the student would be involved
in the correlating of academic subject areas which would
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conceivably include practical application of English, expression, mathematics and general science and at the same time
fulfilling the requirements of the mechanical drawing class.
Thorough use of the actual working model of a
hydraulic brake system and hydraulic cylinders will be usad
in this unit.

Use of films relating to fluid power will

also be used.

Scope.

An introductory, general survey type of unit

to acquaint students with the uses of fluid power in their
daily lives, and some applications of fluid power as it relates to products of industry.
Objectives.

1.

To provide drawing material for

students of mechanical drawing.

2.

To stimulate interest

in students by working with actual objects of a mechanical
nature and relating to high interest areas of students of
this age group.

3.

drawing curriculum.

To broaden and strengthen the mechanical
4.

To show the correlation of the lan-

guage of mechanical drawing and the language of fluid power.

5.

To provide for exploration, experimentation and study in

depth to meet the interest needs of the student as he pursues an education which may lead to a career in fluid power.
General Unit Outline.
1.

Introduction to fluid power, its history and progress because of the advantage gained by the use
of fluid power.
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2.

Principles and nomenclature of fluid power as
it relates to the actual brake system.

3.

Investigation of other brake systems, lifts,
jacks, and other application that may of interest
to students.

4.

Other uses of fluid power as time and student
interest dictate.

Visual Aids.
1.

Mock-up of an automobile brake system to show
how an actual brake system operates.

2.

Various brake wheel cylinders, valves, pistons,
and other mechanisms as may be applicable.

3.

The automatic top raising mechanism of some
automobiles uses a hydraulic system that could
conceivably make a very effective visual aid.
This unit has its own electric motor to drive
the hydraulic pump which operates the cylinders
which in turn were attached to levers that op:erate the top mechanism.

4.

(Hudson, 1950-1955)

Automobile hydraulic jack.

Vocabulary List for Fluid Power Unit.
1.

Fluid power--the art of generating, controlling,
and applying smooth effective power of pumped or
compressed fluids (such as oil or air) when used
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to push, pull, rotate, regulate or drive the
mechanism of modern industry.
2.

Hydraulic--operated by the force and movement
of liquid.

3.

( 16: 712)

Cylinder--A chamber in which force is exerted
on a piston as in a pump.

4.

(15:108)

(16:366)

Piston--A disc or cylinder closely fitted in a
hollow cylinder and moved back and forth by a
connecting rod to exert pressure on a fluid as
in a pump.

5.

(16:1114)

Lever--Mechanical advantage obtained by use of
a fulcrum and applied force to a bar or mechanical mechanism.

6.

Fluid--Any substance that can flow; liquid or
gas.

7.

(16:842)

(16:557)

Pump--Any various machines that force a liquid
or gas into, or draw it out of something, as by
su n,t ion or pressure.

8.

( 16: 11 79)

Valve--Any device that regulates the flow of
whatever is being moved whether liquid or gas
by opening or blocking the path as in a pipe.
(16:1069)

9.

J.I.C. Standard of fluid power.
Industry Council)

(Joint
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10.

Viscosity--Viscosity of oil is thought of as
a measure of the resistance of oil to flow.
(16:1630)
a.

Heavy bodied oil is said to be of high
viscosity.

b.

Light bodied oil is called low viscosity
oil.

c.
11.

Heat tends to change the viscosity of oil.

Reservoir--A receptacle of part for holding a
fluid as oil etc.

(16:1238)

Ten Day Unit of Instruction Utilizing Ideas from the Literature.

Textbook--Coover, Shriver L., Industrial Arts

Drawing and Blueprint Reading, McGraw-Hill Inc., 1961, 312.
(1 :165-170)_

Fifty-four minute periods.

First Day Activities:
1.

Introduction to Sectioning.

Students to read pages 165-170 (Coover) after a
brief introduction to sectioning.

They should

read this section with the intent of learning
the reason for sectioning, types of lines used,
and symbols used.
2.

Continue introduction and need for sectioning.
a.

Teacher to discuss above material with the
students.

b.

Teacher to show examples in the text.
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c.

Teacher to use actual objects to demonstrate
need for sectioning (cylinder, valve, etc.)

d.

Teacher and class to discuss problems suitable for sectioning also lead up to fluid
power by showing working model of a brake
system.

3.

Students to work on format for the next drawing
during the remainder of the period.

Second Day Activities:
1.

Introduce Fluid Power.

Reason for including a short unit in this
drawing class.

2.

"How Fluid Power Serves".
to each student.

Hand out this booklet

(copies can be obtained free

of charge from the National Fluid Power Association, Thiensville, Wisconsin).

3.

Scientific Principles Involved
a.

Pascal's Law

b.

Levers and leverage--classes of.

4. -Mathematic Application.
a.

Discuss and show how the volume of a cylinder
2
is determined. V=Ilr h.

Figure the displacement of pump cylinder and
relationship to power cylinder in force applied
to work accomplishment.
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Example:

See Page 27

F 100

.

P=x=-,:-=l00PS1.
If the area of the cylinder is increased to four
inches, the power will be determined:

P= 100
4 =25PSi ..

Note that the smaller piston developed a higher
pressure in the container when the same force was
applied.

Note also that a longer handle could in-

crease force with less effort.
Figure 3.

(leverage)

See

Use working model of brake system to show

principles just explained.

5.

Students will be handed a vocabulary list; they
will be held responsible for the spelling and
meaning of these words in a test at the end of
this unit.

6.

Students to study vocabulary list during the remainder of the period.

Third Day Activities.
1.

Introduce film,

"Harnessing Liquids", Shell Oil

100

lb!3. ap~lied force

on piston

HAJIDL:,'

A contained fluid exerts e1ual JreR3ure on each surface of
the container.

P=

..E
A

p

= lOO
I
-

loo

psi.
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Company, 16mm. sd., Twelve minutes.

Show film;

discuss film.
2.

Students will now be ready to start on their
sectioning problem.

Various castings of cylin-

ders, valves, etc., havu been brought into the
room.

The students will use inside and outside

calipers to obtain the dimensions of these objects.

Proper instruction in the use of the

calipers will be given before the students begin
this work.

Their problem will be to make a full

section view of the object they select.

Because

these classes are heterogenously grouped the
ability level will vary greatly, therefore, very
simple castings will be available as well as
more complicated mechanisms.

3.

Student to sketch problem then get a check be-

fore beginning to draw the object.
needed on these problems.

4.

No dimensions

D.T.S.

Show schematic drawings used to show circuits in
fluid power.

Also symbols as approved by J.I.C.

(See Figure 1 and 2).

5.

Work on problem during the remainder of the period.

Fourth Day Activities.
1.

Introduce film "Hydraulics", British Information
Service, 30 Rockefeller Plaza, New York, N. Y.,

@
y

®
O~'K CARRl~E

>)<@

0
-- ---- '@
I

:T-"""--,
N,
AIR

-4--

_____ _J

~J] @

L--.!::F=•L=T.=.

E Xo.tnpl-.e

of

Q..

fluld

pow-t!r

circuit.. d,-a.tuinJ

r------

~------.,----· ·----·-·-----------

J.I.C.
HYDRAULIC ST.I.HD.I.RDS FOR IMOUSTRl.1.L EQUIPMENT
J.I.C.
HYDR.lllLIC ST.I.MD.I.RDS FOR IHDUSTRl.1.L EQUIPMENT
METHOOS OF OPERATION

VALVES

--- ...........,

MOTORS .I.NO

LIIES

Litle,Wetkitow
Li-, Pilet

cu••>

Lille, DNlw

CL<SW)

-----'-..../

LiH, Flexible

.,,

eo,...-,

(DOTTOHJX
WIDTH OF ASSOCIATED LINE)

•

-t-

-

Dhectl• ef Flew

..,

Line, Joinln9CTH CIIOSS ETC.>_J_

(\

••-1• (Floid Ten)

U)

C

LI••• Pessin■
(DOT TO al J X WIDTH)

L...J

Vol .., Cbeclr.

.
F1x..i Oisplec-

Valve, Restriction, Choke

Meter, R-,

Val••• Reatrictien, Orifice

Varioltle Diapl■c---♦

.L

1a-11,..
Ac __. _

.

,..,.,

~

-@

TestitowStati•

(GAGEC-E~

P-Teb-Off

OiNCtly()p-.1

v.,.,., ,,.,..,.
R_..i.c1n,

---i

FIINr

--f!..

s-,-

0

Restriction, 0-.
Fixo<IVI-•

V
~

p,. .._s..tt.t,

Restrlctien, Onllce,

-I-

....

v,-•

F1x..i N...

PUMPS

®

P. .,.s1n,1e
Fixo<I 01.,1-•

pv':f;b~~&:..-t

Vol.., Relief
R--lyO,-mH

v.1••, s....-c•

X

Plutl"C-.-

Vol", MNuel Shot Off
Valve,
Mu.i•ua pnssuro

MISCELL.I.NEOUS UNITS

...,_

®

eo.,......,.

Val.., Flow C..trol

p,.......
VIKNs

-Jawl

c.....,.c-,..-

,.....,.

®-

C..trol, C-pen..._,
T_,.....,.

,.
~
-ICYL I

D
[SJ

C..trol, Cyll••

~

Sloeft, ........

-----

I1.,. __ J •

c..1r0,,o_,

-@El

C..trol,MN..I

-!MAN I

t:esr

Control, Mech•I.. I

,•CHI

~

C..trol,Electric

-a-~

DA

~
...

Co■ trol,-

Hyd-lic
Cantrel, Pilot
Hp-lie

i'=I
1=1
~

2 PosltiOII, 2 C...ect1..

~
$II

Val••, Dlrecti•al
2 Position, 3 C-ectl..

~

C..nl, Sol•oi4

~

Va!.., 01,octi-l
2 Poslti•, 4 c_..cti..

tUoo

C..trol, Sol..ol4
Hy4. Pilet 0,-,,.,

w

c..trol, n-,.i

~

H-Vi-•

v.,...

p ....- ~

~•Eec•-

C-rol, Co-,...- •

Y.I.L VE EX.1.MPLES

O..bleE■ dRo<I

1e1- Flwi4 Lewi

--f-X-

METHOD OF INDICATING
IMTEltMAL FLOW

~11..i.i!°"w • .lct1n1
ingle d Ro<I

Electric

-!CENTI

(INSERT MODIL MO, f'N

1..gerType

HHtExc.......

~

Vol .., loslc S,.bel

Pistoa y,,_

Motor, Orm,

-cJ

C..trol, Centri ..... l

........,_..,

-.Oocilletirtt

J.,

·.-1r.14,V.-.l

Variable M•-Visc••

1liu.,i.,, s1.,1e .1.ct1.,

Litle,Tol•A._eFl,ri4i.-l

I\J

Variable Vioceus

-+-

C..trol, loslc SJ•bel

51,utotf

Valve, DINCtionl
3 PoaitiN, .C c-•ctioa

o,..c..,.

Volff, Directi••I
3 Po•itien, A Cunectien

c,.~c.....

•

~

C..trol, Pilot
Ak

-0!]

C..trol,S.....

,-:;-

Control, Pilot Hp.
0111o... t1o1 · -

~-

-···-·---1
~ t " f . -if.,

►h¢4

Q).

,W,,,,,._...,~

___j __
.. -~.- - - - - - -

31
16mm. sd., twelve minutes.
film.

Show film; discuss

(This film is used here to show the

internationality of fluid power.)
2.

Discuss Advantages of Fluid Power.
a.

Speed can be easily controlled.

b.

Compact and power source can be away from
work area if necessary.

c.

Less danger from electric shock.

d.

Force can be applied in any direction.

e.

Force can be easily applied around corners.

f.

Force can be easily controlled.

g.

Great force is available with or without

h.

motion.
Energy can be stored to meet sudden demands.

i.

Hydraulic equipment is highly adaptable to
remote control and to automatic control.

3.

Extra credit work for those students who will
put forth the extra effort to gain further knowledge in fluid power and also work for a higher
grade than would normally be possible will be
initiated at this time.

The work will consist of investigating some phase of
fluid power that is of interest to the student.
students in these classes are farm boys.

Many of the

As many uses are

made of fluid power in farm machinery, the student can
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investig.a.te and report on this either orally
or in a short written composition.
Another area of investigation that may
prove interesting to some students could be the
type of brake systems used on automobiles that
are used for racing.

These would involve

conventional hydraulic, spot, disc, etc.

This

would be a homework situation where the student
would be involved in city library usage, contacting resource people in garages or farm
machinery shops or elsewhere as needed.
4.

Remainder of class period to be spent on drawing.

Fifth, Sixth, and Seventh Day Activities.
1.

Ten to fifteen minutes at the first of the
period each day will be spent in review and
bringing out points to clarify any problems
that become apparent as students continue to
draw.

2.

Students to use remainder of the period to work
on drawings.

3.

Teacher to give individual help where needed.

Eighth Day Activities:
1.

A Game and Experimentation.

The working model of a brake system has been used
in class several times up to this point to
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demonstrate principles, laws, levers, etc.

At

this place in the unit things may have begun to
lag a bit, so the teacher has removed a plug
from the back of the master cylinder and attached a pressure gauge (this outlet normally
supplies the rear of the automobile with a
pressure line.)

A lever about fifteen inches

long has been attached to the model in such a
manner that when a knob is pulled at the end of
the lever, pressure can be applied against the
exposed brake show.

When the brake pedal is

is depressed the lever moves outward along with
the brake shoe.

The object is to hold against

the lever with one hand while depressing the
brake pedal with the other to see how much pressure can be built up on the gauge.

Of course,

the husky fellows are going to win, but a good
lesson in pressure and leverage can be learned
here.

Another version of this "game" is the

Indian wrestling example.

The model is set up

on a table and the lever is locked against the
brake shoe so that it can't move.

The stu-

dent's elbow rests on the table with the hand
on the brake pedal.

As pressure is put on the

brake pedal the gauge will register the highest
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pressure.

(Three or four students at a time

could be involved in the experiment, the rest
of the class would work on their drawings until
it was their turn.
2.

Advise students of a test on the tenth day.

3.

Teacher to give individual help where needed.

Ninth Day Activities.
1.

Students report on extra credit work to the class.
Class discusses and constructively comments on
the talk.

2.

Students to work on drawings teacher give individual help where needed.

3.

Ten-twelve minute review for a test on the tenth
day.

Tenth Day Activities.
1.

Administer the test.
short answers).
fluid power.

2.

Ten questions (essay and

Five on sectioning, five on

Total points for test--100.

Students to work on drawings when they finish
test.

If drawings finished student can experi-

ment with the working model.
End of unit except that some students may need additional time.

All drawing equipment can be checked out for

home use by the student provided he supplies a large heavy

3?
duty plastic bag in which to place the equipment.

The draw-

ing room is open before school, at noon, and after school
during certain days of the week.

Students can also work in

c·lass during the first few days of next unit.
Note:

At the end of each unit in this drawing class

a short test is given.
etc.

Some are true or false, some objective

This unit used the essay answer type of test.

CHAPTER IV
ADAPTABILITY OR CHANGES IN THE PROGRAM NECESSARY TO
INITIATE THIS UNIT IN THE EXISTING COURSE OF STUDY
Eighth grade mechanical drawing is required of all
boys for one semester at Morgan Junior High School, Ellensburg, Washington.

The course of study covers multi-view,

isometric, sectioning, pattern development, furniture, and
architectural drawings.

The program is left flexible so

that high interest areas of drawing can be given more time
than some other areas.

Actually no additional time is

needed to incorporate fluid power in this program.

Instead

of using abstract, theoretical objects, the students can
actually get very much involved by measuring the object to
get dimensions, and because they are involved in getting
their measurements by using the calipers, dimensions on the
problem can be dispensed with, which saves considerable
time.
The cost of adding this unit to the program would
only involve about fifteen dollars for a teacher constructed
working model of a brake system provided a second hand gauge
was used on the model.

A workable hydraulic automobile jack

would actually be a suitable demonstration piece of equipment if it were impossible to secure the brake system.

37
There seems to be no problem of adaptability or
change in initiating this unit of instruction in the program, and the interest that could be built up with this type
of unit would justify the venture even though no other
learning situation was present.

The enrichment obtained

by this type of teaching could conceivably warrant further
investigation of this method for many other areas of industrial arts classes.

CHAPTER

V

SUMMARY
An examination of the literature has indicated that

there are many ways that industrial arts teachers can present interesting, meaningful, need satisfying courses of
study at all grade levels.

The use of fluid power as a

unit of instruction has been one method of utilizing
theoretically some ideas that have been presented.

Indus-

trial arts education was developed so that students can
acquire knowledge which will help them function to the best
of their ability in our technological culture.

The educated

person today must understand and make decisions regarding
the effect of all phases of his environment.

Industrial

arts as a part of the total school program provides the
student the opportunity to investigate industrial materials,
tools, processes, and products.
use of other school subjects.

These experiences also make
Industrial arts objectives

can be met in the unit that has been discussed here.

Briefly,

these objectives are:
1.

To develop an insight and understanding of
industry and its place in our society.

2.

To discover and develop student talents in
industrial technical fields.
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3.

To develop problem solving abilities related to
the materials, tools, processes and products of
industry.

4.

To develop in each student skill in safe use of
tools and machines.

At the junior high school level the student is
guided through many exploratory experiences in a variety of
industrial areas.

Special emphasis is given to help stu-

dents discover and develop their aptitudes, abilities, and
interests.

(' 6 : 4, 7)

While fluid power incorporated in an industrial arts
class will not provide an answer to all the problems of
industrial art teaching it will provide an area which can be
interesting, and it will help to acquaint students with an
area that is vitally important to industry.

BIBLIOGRAPHY

BIBLIOGRAPHY
1.

Coover, Shriver L., Industrial Arts Drawing and Blueprint
Reading (New York: McGraw-Hill Book Company, Inc., 196.1)

2.

Dudley, Arthur J., "Challenge to Industrial Arts,"
Industrial Arts and Vocational Education, (February,
19 64 ) , p • 5 9 •

3.

Hackett, Donald F., "Study of American Industry is Essential to Liberalizing General Education," Industrial
Art~ and Vocatio~al Education, (April, 1964), pp. 25-28.

4.

Hostetler, Ivan, "Today's Industrial Arts Teaching Lags
Behind the Needs of Today's World," School Shop,
(Spetember, 1963), pp. 13-14.

5.

"How Fluid Power Serves," The National Fluid Power Association, Thiensville, Wiscnnsin, 1964. Prepared by the
Education Committee of the National Fluid Power Association, p. 8.

6.

Industrial Arts Education, American Council of Industrial
Arts Supervisors, American Industrial Arts Association,
a department of the National Education Association, 1963,
p. 32.

7.

Industrial Arts Previews and Reviews, Editorial, Volume
3, Issue 4, Northern Illinois University College of Fine
Arts, Department of Industry and Technology. DeKalb,
Illinois, (May, 1965), p. 2.

8.

Lindell, Sherman A., "Projected Problems Make Students
Think," Industrial Arts and Vocational Education,
(January, 1964), p.~ -

9.

Muhle, G. J., Jean R. Walker, "Let's Fuse Industrial Arts
with the Academic Subjectst" Journal of Industrial~
Education, (May-June, 1964), pp. 15-lb.

1O~

Olsen, Fred, "Survey of Industrial Arts in the State of
Washington," Unpublished Doctoral Dissertation, Ohio
State University, Columbus, Ohio, 1962.

11.

Osburn, Burl N., "Industrial Arts is for Human Beings,"
Bulletin Number Two, American Industrial Arts Association, Inc., 1963, pp. 1-12.

12.

Pearce, Theodore, "Fluid Power an Emerging Industrial
Art," School Shop, (May, 19 64), pp. 20-22.

13.

Risher, Charles G., "Teaching Fluid Power," Industrial
Arts and Vocational Education, (January, 1965), pp. 3843.

14.

Swanson, Robert, "Industrial Arts Tomorrow," A presentation before the Iowa State Education Association in
Des Moines, Iowa, (October, 1961), pp. 1-7.

15.

Turner, Evald, "The Industrial Arts Teacher and the
Counselors," Journal of Industrial Arts Education,
(May-June, 1964), ;;.18-19.
-

16.

Webster's New World Dictionary. World Publishing
Company, (Cleveland, 1957), 1724.

17.

Webster's Third New Intermational Dictionary, Unabridged,
R.R. Donnelley and Sons Co., Lakeside Press, Chicago,
Illinois, 1961.

